To assess by autoregressive model the frequency domain heart rate variability (HRV) during clinostatism and after passive orthostatic load (head-up tilt), 81 hypertensive and normotensive subjects (42 men and 39 women) were subdivided into four groups: 20 adult normotensive subjects (Group 1); 21 elderly normotensive subjects (Group 2); 20 elderly hypertensive subjects with nocturnal blood pressure (BP) falls (Group 3); and 20 elderly hypertensive subjects without nocturnal BP falls (Group 4). They were chosen to assess the influence of aging and arterial hypertension on sympatheticparasympathetic balance. The age-related decrease observed in nearly all HRV spectral frequency components (normalised units [NUs], high frequency [HF] and low frequency [LF]) was reported in elderly patients in rest conditions. LF indexes resulted in decreases in Group 3 and these data seemed to be emphasised in
Introduction

Heart rate variability and arterial hypertension
Arterial hypertension, at least in its early stages, is largely related to increased sympathetic activity. 1, 2 In a study 3 comparing hypertensive patients with normotensive age-matched controls, an increased low frequency (LF) index was found in hypertensives determined by autoregressive model, compared to normotensives with blunting of circadian patterns, suggesting that essential hypertension may be characterised by a depressed circadian rhythm of LF. A subsequent report by Langewitz et al, 4 showed a reduction of parasympathetic tone as a significant new factor in hypertensive subjects with the index (␣). In normotensive and hypertensive subjects undergoing a 24-h continuous recording of ECG and arterial pressure, measured with a high-fidelity technique, the overall gain of the baroreceptive mech- anisms was evaluated through an invasive study 5 with an index (␣), a measure of autonomic activity. This index underwent a clear circadian variation which was smaller during the day and decreased at rest in hypertensive patients, thus confirming that neural buffering mechanisms appear attenuated in essential hypertension. 6 Parasympathetic activity is certainly the major contributor to the high frequency (HF) component of heart rate variability power spectra. Several studies suggest that the LF index, when expressed in normalised units, is a quantitative marker for sympathetic modulation; other reports consider LF as reflecting both sympathetic and vagal activity. However LF/HF ratio is viewed by some investigators as a mirror of sympathetic-parasympathetic balance or as a simple reflex of sympathetic modulation.
Arterial hypertension and aging
It has been shown that RR variation decreases as age increases; [7] [8] [9] [10] [11] however, when measured with autoregressive algorithms, the LF-to-HF ratio appears unchanged. 7 The LF increase and reciprocal decrease in HF of RR variability during tilt are also spared by aging, although they are blunted in their magnitude. 7, 8 In the elderly, changes in spectral Table 2 Heart rate variability and heart rate in the study groups (rest) components induced by standing were more difficult to determine with a Fast Fourier Transform algorithm, probably as a consequence of the reduced variance and the low signal-to-noise ratio. [9] [10] [11] [12] The effect of aging on beat-to-beat blood pressure (BP), pulse interval variability in resting condition, and sympathetic-parasympathetic influence on cardiovascular system evaluated by of BP and pulse interval power spectral analysis, was determined by Veerman et al. 13 In this study pulse interval variability was found blunted with aging; the power of mid-frequency band (systolic and diastolic BPs) was markedly lower in the elderly and so was the power of the high frequency of pulse interval. As regards baroreflex sensitivity, calculated by Fast Fourier Transform, it was affected by aging. Table 3 Heart rate variability and heart rate in the study groups (tilt) 
Blood pressure nocturnal decline
Hypertensive subjects with no nocturnal BP decline may be effectively identified by ambulatory BP monitoring (ABPM). [14] [15] [16] This technique selects a subgroup of hypertensives classified as 'non-dippers' where autonomic nervous system activity may affect the circadian rhythm of BP. In pathologic conditions such as diabetic autonomic neuropathy, both parasympathetic and sympathetic controls of circulation are damaged. Diabetic patients with autonomic neuropathy show relatively fixed heart rates, and orthostatic hypotension. In these subjects arterial BP remains high during the night. 17 The diurnal pattern of water and sodium excretion is also abnormal, with a relative increase in this period in comparison with normal subjects and diabetic patients without neuropathy. 18 Previous studies suggested a possible interplay between the loss of day/night BP reduction and autonomic nervous system organ damage, but the association of sympathetic-parasympathetic balance in the non-dipping hypertensive profile remains uncertain particularly in elderly populations.
The aim of this study was to assess autonomic nervous system activity in elderly hypertensives with no nocturnal BP decline in a comparative sample of well-matched hypertensive and normotensive elderly subjects.
Materials and methods
Arterial blood pressure
Casual BP was obtained using three measurements taken at the brachial artery (sitting position) with a standard mercury sphygmomanometer at 2-min intervals. These three values were averaged to calculate casual systolic and diastolic BP. On the same day an ABPM was started and continued for 24 h with an auscultatory device (A&D TM 2420-2021). All subjects carried out their normal daily activities. Hypertensive subjects were recruited from the outpatient clinic and were all newly diagnosed and never treated. The exclusion criteria were the following: secondary hypertension, ischaemic heart disease, neoplasms, and metabolic diseases. The subjects were divided into two groups on the basis of the presence (dippers, Group 3, n = 20) or absence (non-dippers, Group 4, n = 20) of a significant nocturnal BP reduction, defined as daytime systolic and diastolic BP averages decreasing by more than 10% during the night. For comparison, a group of normotensive adults (Group 1, n = 20) and normotensive elderly subjects (Group 2, n = 21) were also recruited. Ambulatory BP was recorded every 15 min during the day (7.00 am to 11.00 pm) and every 30 min at night (11.00 pm to 7.00 am). After each reading, subjects were asked to record their activity and location. Twenty-four hour ambulatory systolic and diastolic BP, daytime ambulatory systolic and diastolic BP, night-time ambulatory systolic and diastolic BPs were calculated. The common indexes of absolute variability (standard deviation of ABPM) were obtained from the ambulatory BP reports. Automatic data editing excluded from the tracings of BP measurements as follows: Ͼ260 mm Hg or Ͻ70 mm Hg systolic BP, Ͼ150 mm Hg or Ͻ40 mm Hg diastolic BP, and Ͼ150 mm Hg or Ͻ20 mm Hg pulse pressure.
Analysis of heart rate variability
After BP measurement, all subjects underwent autonomic function assessment by power spectral analysis of RR interval variability. They abstained from pharmacological treatment for at least 1 month before the study and all had a body mass index lower than 26 kg/m 2 . All subjects gave their informed consent to the study, which was approved by the local ethical committee. Spectral analysis took place according to the following protocol: at 8 am, after BP measurement, in a quiet comfortable room at 24°C, each subject rested supine for at least 30 min before undergoing a 15-min ECG recording. Subjects then underwent head-up tilt testing, a passive orthostatic manoeuvre obtained with a motorised tilt table. After 15 min in the upright (90°) position, the subject was returned to the supine position (0°) for a second 15-min ECG recording. Transit from 0°to 90°took about 15 sec. If hypotension (a Ͼ20 mm Hg SBP decrease) developed during postural tilt, testing was stopped and the subject excluded from the study. Tracings were analysed by a customdesigned software programme. ECG signals were digitised, stored on a hard disk and sampled at a 500 Hz rate with 12 precision bit. The respiratory signal was recorded in parallel with the ECG tracings to record possible changes of frequency and depth of respiration. 19 The QRS complex (lead II) was automatically recognised by a classic derivative/threshold algorithm. 20 Subsequently an expert cardiologist checked each QRS complex and R-wave triggering. Ectopic beats were corrected on the basis of linear interpolation with the adjacent complexes. ECG tracings with Ͼ1% premature beats were ruled out from the analysis. Power spectra 19 were calculated from a consecutive series of 512 RR intervals. The power spectra densities of the baseline and tilt recordings were computed by an autoregressive algorithm in our laboratory. The software performed the autoregressive model following an iterative process: it applied the autocorrelation function to the complete RR series 19 and used the Levinson-Durbin algorithm to compute the Yule-Walker matrix (the autocorrelation matrix) coefficients. Anderson's matrix was used to check the validity of the assumed model, Akaike's Information Criterion 19, 21 was performed to choose the order of the model. The autoregressive algorithm for spectral analysis has been described in detail elsewhere. 7, [21] [22] [23] Spectral power 19 was expressed in ms 2 and the autonomic nervous system function was evaluated on the basis of two components: high frequency (HF, 0.16-0.40 Hz Eq) and low frequency (LF, 0.04 -0.15 Hz Eq). [24] [25] [26] [27] [28] [29] Spectral data were also reported as total power (TP) (0.0033-0.4 Hz) and very low frequency power (VLF). To avoid the skewed distribution characteristic of spectral data, they were transformed into natural logarithm (In) and normalised units (NUs). 27 The transformation of data into normalised units also helped to accentuate sympathetic-parasympathetic activity. Normalised units were calculated as follows: where LFNUs = low frequency normalised units; LF power = low frequency power; TP = total power; HFNUs = high frequency normalised units; HF power = high frequency power; VLF power = very low frequency power). The final index calculated was the ratio between LF and HF power (LF/HF). For data comparison the autonomic activity spectral indexes detected in the four groups were compared to our internal standard values obtained in 83 healthy volunteers.
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Statistical analysis
Data were stored and analysed by SPSS package for Windows 95. One-way analysis of variance and unpaired t-test were used to compare the groups for parametric variables. Data were expressed as the mean values with standard deviation. P value less than 0.05 was considered statistically significant.
Results
Clinical and BP data are shown on Table 1 : anthropometric variables were similar in the various groups whilst both casual and ambulatory BPs showed significant differences in the comparison between the subjects. Heart rate variability was analysed at rest condition (Table 2 ). Total power decreased with age and arterial hypertension, so LF and HF indexes (expressed in normalised units) resulted in a reduction in Group 4 also with respect to age-matched dipper hypertensive subjects (Group 3). LF/HF ratio repeated this pattern. After passive orthostatic load, LF became predominant in Group 1 while HF was reduced (Table 3 ). In hypertensive subjects (Group 3 and 4) LF did not increase after passive tilt as in the controls (Group 1) and HF index was less reduced than in normotensives. A direct comparison between common indexes of autonomic nervous system activity in hypertensive elderly subjects with (Group 3) and without (Group 4) a nocturnal BP decline, was performed and data reported in Table 4 . LF and HF indexes at rest condition were recorded as follows: 25.9 ± 4.1 vs 28.2 ± 2.2 LF normalised units at rest (Group 4 vs Group 3, P Ͻ 0.05); 37.5 ± 2.7 vs 41.2 ± 2.1 HF normalised units at rest (Group 4 vs Group 3, P Ͻ 0.001). After postural tilt: 40.4 ± 1.5 vs 44.6 ± 1.1 LF normalised units (Group 4 vs Group 3, P Ͻ 0.001); 8.5 ± 2.1 vs 9.9 ± 1.8 HF normalised units (Group 4 vs Group 3, P Ͻ 0.05). Thus, heart rate variability (HRV) analysis highlighted a reduced parasympathetic response to passive tilt in elderly hypertensives with a worse pattern in non-dipper subjects.
Discussion
Spectral analysis has been introduced in order to study autonomic nervous system activity. However because of the age-related decline in autonomic nervous function, we need comparative data from studies in age-matched subjects. Therefore the aim of this study also fulfilled this need by providing information that might be useful in the clinical assessment of autonomic nervous system function in pathologic conditions such as arterial hypertension. Many studies have described the effects of age on the spectral components of HRV. 8, 26, 28 Our data further confirm an age-related decline in both sympathetic and parasympathetic activity. We showed how total power, the expression of global variability in our previous study and hence of global control over sympatho-vagal interaction, 19 decreases after the age of 64 years. Since aging induces a decline in the influence of neural autonomic control, it seems to diminish HRV and hence, to reduce spectral power (Tables 2 and 3 ). The low-frequency spectral components that depend upon adrenergic activity (LF power, LF ln and NUs) decrease with age both at baseline (rest) and after postural tilt (Table 3) . The LF/HF ratio, currently considered as an index of sympathetic-parasympathetic balance, appeared depressed in elderly subjects (Tables 2 and 3) . A similar pattern has already been reported by Yo et al 26 in a study examining the effect of age on the LF/HF power ratio in healthy and hypertensive subjects. We found that HRV did not differ significantly in subjects under 44 years and in those with an age between 44 to 64 years. 28, 29 These results are best represented in terms of normalised values, which provide more homogeneous data for comparison. All the elderly hypertensive patients showed depressed sympathetic activity, demonstrated by the low LFNU values (Tables 2 and 3, Figure 1 ). This pattern was evident both in absolute (LFP) and relative terms (LFNUs). These findings agree well with the Julius 30 report that in long standing hypertension, BP values become independent of sympathetic activity. 28 According to this model, once a stable pressure increase has been established, the sympathetic system can no longer bring variations in the peripheral resistance. The common indexes of autonomic nervous system activity 31 were lower in hypertensive subjects as against age-matched normotensives 28 and these data were emphasised in nondipper subjects (Group 4, Tables 2 and 3). The low HF power suggested a similar decline in parasympathetic function (Table 3 ). In the oldest subjects the low HF NUs did not depend on decreased HF power but on the markedly decreased LF power (Tables 2  and 3) . [32] [33] [34] [35] The decrease in HF power agrees with Lipsitz's finding of an age-related decline in a spectral measure analysis. 11 A further comparison of autonomic nervous system activity indexes in elderly normotensive and hypertensive patients and the age-matched subjects of our control group 28 showed a similarity between standard and detected values. Our sample of non-dipper hypertensives (Table 1) showed a marked decrease of spectral components after head-up tilt. A direct comparison between nondipper patients (Group 4) and dipper subjects (Group 3) is shown in Table 4 . At rest, LF and HF indexes were significantly lower in non-dipper elderly subjects. After postural tilt LF and HF indexes were less increased in the non-dipper group, but the parasympathetic component was decreased as in normotensive adult subjects but with a more marked behaviour. All these data suggest that in the earlier stages, arterial hypertension may be accompanied by sympathetic overactivity, decreased parasympathetic tone, and impaired activity of baroceptors leading to blunted HRV. [36] [37] [38] [39] [40] [41] It can also be considered as a pathologic condition related, in the elderly, to a decrease of autonomic nervous system activity clearer in non-dipper subjects. A similar pattern was recently reported by Abate et al 42 in elderly hypertensive subjects, confirming that non-dipper hypertensives present a significant impairment in the autonomic nervous drive, characterised by a decreased parasympathetic tone. Thus the loss of day/night variability of BP seems to be accompanied by autonomic nervous system involvement, especially in the parasympathetic pathway.
